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(54) An electrically insulating non-woven fabric, a prepreg and a laminate 



(57) A non-woven fabric comprising a principal 
component of para-aramid ftoer chops bonded with 
each other by a binder, the para-aramid fiber chops hav- 
ing a mixture of (a) poly-p-phenylene-3.4'-diphe- 
nylether-terephthalamide fibers and (b) polyi3- 
phenylene-terephthalamide fik>ers and having a blend 
ratio by weight of (a)/(b) = 10/90 ~ 90/10 and prefera- 
bly (a)/(b) = 30/70 - 70/30 . 
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Description 

[0001] This invention pertains to an electrically insulating non-woven fabric comprising an aromatic polyamide fiber 
(aramid fiber) non-woven fabric, a prepreg and a laminate having the aforementioned electrically insulating non-woven 
^ric as base material and including a printed wiring board and a multi-layer printed wiring board as a concept on which 
leadless chip parts such as resistors, ICs and so on are surface-mounted. 

[0002] Of late, in case that electronic parts such as resistors. ICs and so on are mounted on a printed wiring board 
which is assembled in an electronic device or instrument, the electronic parts have generally tended to be chipped and 
mounted on the printed wiring board by a surface-mount system. The surface-mount system is a preferable one 
because the electronic parts are compacted and lightened and have a high density. As the printed wiring board has the 
high density, it tends to be generally worked by an IVH (which stands for an inner via hole not extending through an 
entire multilayer insulation, but partially extending through the insulation) process in which a laser light is irradiated on 
the printed wiring board in order to connect electrically conducting wires to each other through an IVH provided in an 
insulating layer disposed between the electrically conducting wires among the multilayer insulation. Thus, the printed 
wiring board is required to be easily worked by the laser process. 

[0003] In case that the leadless chip parts are surface-mounted on the printed wiring boafxi. the printed wiring board 
should have a coefficient of thermal expansion matched to that (2 7 ppm/°C) of the leadless chip parts as much as 
possible. 

[0004] The printed wiring board is desired to have a smaller ratio of size variation due to thermal shrinkage for improv- 
ing a reliance on connection of the electrically conducting wires between which ttie insulating layer is provided. Partic- 
ularly, the multi-layer printed wiring board makes much of the smaller ratio of size variation. 

[0005] In view of this, there have been developed various laminates having base material formed of non-woven fabrics 
of aramki fibers having a negative coefficient of thermal expansion. These non-woven fabrics are as follows; 

(1) a mixed non-woven fabric of para-aramid fiber chops such as poly-p-phenylene-3,4'-diphenylether-ter^hthala- 
mide fiber chops and thermoplastic resin fiber chops having a softening temperature of 220 **C or higher and these 
fibers being bonded by a resin binder while the thermoplastic resin fiber chops having the softening temperature of 
220 ''C or higher are thermally adhered to the para-aramid fiber chops which is disclosed in JP 10-138381 . 

(2) a mixed non-woven fabric of para-aramid fiber chops such as poly-p-phenylene-terephthalamide ftoer chops, 
para-aramid fiber pulps and meta-aramid fibrkis and the para-aramid fiber pulps and the meta-aramid f ibrkJs being 
intertwined with the para-aramid fiber chops which is disclosed in JP61 -160500. 

[0006] Prepregs are produced by impregnating the non-woven fabrics with a thermosetting resin and drying them. 
The thus produced prepregs are heated and pressed to form a laminate. Generally, a metal foil or foils to be worked for 
forming printed wirings are provided integrally with the prepregs when they are formed under heat and pressure so as 
to form a metal foil clad laminate. 

[0007] Poly-p-phenylene-3.4'<liphenylether-terephthalamide fibers which are one kind of the para-aramcl fibers 
should be drawn for improving a strength of fibers when spinning them, but the drawn fibers tend to be shrunk due to 
heat applied thereto. Thus, the printed wiring board having the base insulation material of the non-woven fabrrcs includ- 
ing poly-p-phenylene-3,4'-<liphenylether-terephthalamkje fibers as a principal component tends to have a higher size 
variation or be thermally shrunk in high degree when solder reflows. Such a printed wiring board should be more 
improved in a reliance on connection erf printed wirings through the insulating layer as well as connection of the surface- 
mounted parts to each other. 

[0008] Poly-p-phenylene-terephthalamide fibers which are another kind of the para-aramkJ fibers have a very high 
crystallinity because they are crystally spun and tfierefore have a high bond between molecules. However, the printed 
wiring board having the base insulation material of the non-woven fabrics including poly-p-phenylene-terephtfialamide 
fibers as a principal component tends to have a lower hole making operation by a laser irradiation process. As a matter 
of course, prepregs produced by impregnating the non-woven fabrics with a thermosetting resin and drying them also 
have a lower hole making operation by a laser irradiation process. 

[0009] More particularly, when a prepreg formed of the non-woven fabric including poly-p-phenylene-terephthalamide 
fibers and a laminate formed of the tiius produced prepregs are worked by a hole-making operation by the laser process 
to form holes, they have a large dispersion or scattering in tiie resultant hole diameter. TTiis is caused by the low degree 
in which aramid fibers are discomposed and scattered by the irradiation of tiie laser. Tliese fibers have littie shrinkage 
due to heat because they are spun in a crystalline manner, but not in a drawn manner. 

[001 0] Accordingly, it is a principal object of the invention to provide an electrically insulating non-woven fabrk: having 
para-aramid fibers as a principal component suitable for forming a prepreg or a laminate including a printed wiring 
board adapted to have a good hole-making operation by a laser process while it has little dispersion in hole diameter 
[001 1] It is another object of the invention to provide an electrically insulating non-woven fabric having para-aramid 
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fibers as a principal component suitable for forming a laminate including a printed wiring board adapted to provide no 
dispersion in size variation due to heat applied to the laminate. 

[001 2] It is further object of the invention to provide a prepreg comprising as a base material a norv-woven fabric hav- 
ing para-aramid fibers as a principal con^ponent adapted to have a good hole-making operation by a laser process while 
it has little dispersion in hole diameter. 

[0013] It is further object of the invention to provide a laminate formed of prepregs comprising as a base material a 
non-woven fabric having para-aramid fibers as a principal component adapted to have a good hole-making operation 
by a laser process while it has little dispersion in hole diameter and adapted to have little dispersion in size variation due 
to heat. 

[0014] In accordance with a first aspect of the invention, there is provided an electrically insulating non-woven fabric 
comprising para-aramid fiber chops bonded with each other by a binder, the non-woven fabric characterized by the 
para-aramid fiber chops having a mixture of poly-p-phenylene-diphenylether-terephthalamide fibers and poly-p-phe- 
nylene-terephthalamkle f toers with a Wend ratio by weight of poly-p-phenylene-diphenylether-terephthalamide fibers 
relative to poly-p-phenylene-terephthalamide fibers ranging from 10/90 to 90/10. 

[001 5] The poly-p-phenylene-diphenylether-ter^hthalamide fibers may be specifically poly-p-phenylene-3,4'-diphe- 
nylether-terephthalamide fibers. 

[0016] The blend ratio by weight of poly-p-phenylene-diphenylether-terephthalamide fibers relative to poly-p- 
phenylene-terephthalamide fibers may preferably range from 30/70 to 70/30. 

[0017] The binder serving to bond the fibers to each other may be selectively a thermosetting resin binder or a ther- 
moplastic resin having a softening temperature of 220 °C or higher. Otherwise, both of them may be used as the binder. 
The thermosetting resin binder tK>nds the fibers to each other by being attached to the fibers at their intersections. The 
thermoplastic resin having the softening temperature of 220 ""C or higher bonds the fibers to each other by being ther- 
mally adhered to and/or being intertwined with the para-aramkJ fiber chops. 

[0018] The thermoplastic resin having the softening temperature of 220 **C or higher may be in the form of at least 
one selected from chops, fibrids and pulps. 

[001 9] The chops are formed by cutting straight f toers into ones having predetermined size suitable for paper making. 
The *1ibrids" are small non-granular, non-rigid f torous or film like particles, as defined in U.S. Patent Nos. 4,698.267 and 
4,729.921 . The ftorids may be formed by beating a film-like resin or may be NOMEX fibrids commercially available from 
Du Pont or CONEX fibrids commercially available from Teijin. Japan. The pulps are formed by beating fibers. 
[0020] The chops can be intertwined with each other by being deformed due to thermal adhesion or thermal softening 
so that the fibers can be bonded to each other. The fibrids and the pulps themselves functions to be intertwined with 
each other. Thus, the fibers can be bonded to each other by paper making them together with para-aramkJ fiber chops. 
They can be more strongly intertwined with each other by deformation due to thermal adhesion or thermal softening by 
appropriately applying heat thereto. Para-aramid fiber pulps may be blended as an auxiliary con^onent of the binder. 
[0021] With the poly-p-phenylene<liphenylether-terephthalamide fibers and the poly-p-phenylene-terephthalamide 
fibers in combination used as the para-aramid fiber chops, the poly-p-phenylene-terephthalannide fibers serve to 
restrain the size variation due to heat applied thereto. Since all the para-aramid fber chops are not just the poly-pi3he- 
nytene-terephthalamide fibers, the products are allowed to be worked by the laser process. 

[0022] In general, the non-woven fabric tends to have high or low fiber density on its spots. More particulariy. it has 
the areas where more fibers occupy and the areas where less fibers occupy. A diameter of hole formed by the laser 
process varies on the f ber density thereof. As there increases the blend ratio of poly-p-phenylene-terephthalamide fib- 
ers which have bad working by the laser process, the fiber density of the non-woven fabric makes a much effect of hole- 
making by the laser process, which causes a dispersion in the hole diameter to vary on the positions of the non-woven 
fabric. 

[0023] With the blend ratio of poly-p-phenylene-terephthalamide fibers being 90 or less while that of poly-p-phe- 
nylene-diphenylether-terephthalamide fibers is 10 or more, the dispersion in the hole diameter gets smaller. 
[0024] With the blend ratio of poly-p-phenylene-diphenylether-terephthalamide fibers being 90 or less while tfiat of 
poly-p-phenylene-terephthalamide fibers is 10 or more, a dispersfon in the size variation due to heat gets smaller and 
the reliance in the IVH and the part surface-mount is improved. 

[0025] Thus, it will be noted that both of the characteristics with respect to the dispersion in the hole diameter in the 
hole-making operation by the laser process and the dispersion in the size variation due to heat can be improved by the 
blend ratio by weight of the two para-arannid fibers ranging from 10/90 to 90/10 so that no special care is taken of the 
laser process and the soWer reflowing. TTie blend ratio by weight of the former relative to latter ranging from 30/70 to 
70/30 can make less dispersions in the hole diameter by the laser process and in the size variation due to heat and also 
less size variation itself due the heat. 

[0026] The prepregs according to the invention are formed by impregnating the electoically insulating non-woven fab- 
rics with a thenmosetting resin and drying them ard the electrically non-woven fabrics include at least one constructed 
in accordance with the invention as aforementioned. 
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[0027] The laminate according to the invention Is formed by forming a layer or layers of the prepreg under heat and 
pressure and the layer or layers of the prepreg include at least one constructed in accordance with the invention as 
aforementioned. 

[0028] The aforementioned and other features of the invention will be apparent from the embodiments of the Invention 
5 taken along with examples with reference to the accompanying drawing in which; 

Fig. 1 illustrates variation in a diameter of hole formed in various pr^regs by a laser process together with an aver- 
age as well as a dispersion thereof and also illustrates size variation of various printed wire boards together with 
an average as well as a dispersion thereof. 

10 

[0029] Initially, an example of an electrically insulating non^woven fabric of the invention will be described hereinjust- 
below. 

[0030] In this exanple* a thermosetting resin binder and a thermoplastic resin having a softening tenperature of 220 
**C or higher are used in combination as a binder for bonding the para-aramid fiber chops preferably having a fiber diam- 

15 eter of 1 .5 denier or less and a fiber length of 6 mm and less. 

[0031 ] The thermosetting resin binder serves to txynd the fibers to each other by being attached to the fibers at their 
intersections. The thermoplastic resin fiber chops serve to bond the f bers to each other by being thermally adhered to 
the para-aramid ft>er chops. OthenA^ise, the thermoplastic resin fber chops serve to bond the f bers to each other by 
being thermally softened and deformed so that they are intertwined with the para-aramid fber chops. These intertwin- 

20 ing by thermal adhesion and softening can be accomplished by introdudng the non-woven fabric into a step of pressing 
it between thermal rolls (heated rolls). 

[0032] A content of the thermosetting resin binder in the non-woven fabric may be 5 to 30 weight % and may be pref- 
erably 5 to 15 weight %. As the content of the thermosetting resin binder decreases, the fbers are more loosely bonded 
to each other. The content of 5 weight % is the minimum value to be considered in view of previously giving the non- 
25 woven fabric a positively bonding strength when the non-woven fabric is introduced into the thermal adhesion step con- 
ducted by the thermal rolls. The content of 30 weight % is the maximum value to be considered because the fibers tend 
to stick to the heated rolls and/or the non-woven fabric tends to be broken as the content exceeds 30 weight %. 
[0033] The content of the thermoplastic resin fiber chops having the softening temperature of 220 «C or higher in the 
non-woven fat>ric may be preferably higher because they serve to posrtiv^y bond the fbers to each other and to prevent 
30 the non-woven fabric from being warped and/or twisted, but may be lower in view of a heat resistance of the laminate. 
Preferably, the content of the thermoplastic resin fiber chops is 5 to 30 weight %. 

[0034] The thermoplastic resin fiber chops having the softening temperature of 220 **C or higher m^ be formed of 
meta-aramid fibers such as poly-m-phenylene-isophthalamide fbers. polyester fibers. 6 nyton fibers. 66 nylon fibers, 
poly-allylate fibers and so on, iHJt not limited thereto so long as they are thermoplastic resin fbers having the softening 
35 temperature of 220 **C or higher. The softening temperature of the thermoplastic resin fiber should be a thermal decom- 
position temperature or less of the para-aramid fibers. 

[0035] The thermoplastic resin fibers having the softening temperature of 220 or higher may be preferably not 
drawn. The concept of the thermoplastic resin fibers not drawn includes those drawn in small degree. With the thermo- 
plastic resin fbers having the softening temperature of 220 **C or higher being not drawn, the fbers can be thermally 

40 adhered to each other or intertwined with each other by the thermal rolls in an easier manner. 

[0036] The thermoplastic resin having the softening temperature of 220 "C or higher may be in the form of at least 
one selected from fber chops, f brids and pulps. With the fiber chops used, the paper-made non-woven fabric has larger 
voids, which causes the non^oven fabric to be more easily impregnated with a resin impregnant for produdng the lam- 
inate. The selection of the ifber chops is desirable for improving the humidity resistance and the electrical insulation of 

45 the laminate. 

[0037] In case that the meta-aramid fiber chops are selected as the thermoplastic resin having the softening tenrper- 
ature of 220 ''C or higher, they may desiratriy have the fiber diameter of 3 denier or less and the fiber length of 3 to 10 
mm. The fber length of the meta-aramid iito&r should be larger in order to provide more areas where the meta-aramid 
fibers are thermally adhered to each other or intertwined with each other by being thermally softened, but it sfiould be 
50 smaller in order to provide better dispersion of the fibers on paper-making. Thus, it should be adjusted in an appropriate 
manner. 

[0038] The laminate of the invention is produced by using the aforementioned non-woven fabrics as a base material. 
For the first time, the non-woven fabrics are impregnated with an epoxy resin varnish and dried to form prepregs. Next, 
one prepreg or a plurality of prepregs superposed one on anotiier are formed under heat and pressure. Generally, a 
55 metal foil or foils are superposed on one surface or t>otii surfaces of the prepregs before the prepregs are formed under 
heat and pressure to form a metal clad laminate. 

[0039] The printed wiring board is produced by wiring the metal dad laminate by etching the metal foil or foils thereof. 
The multi-layer printed wiring board can be produced by using a plurality of prepreg layers. At least one of the prepregs 
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should be produced as aforementioned. 
(EXAMPLE 1^ 

5 1 . Production of the electrically insulating non-woven fabric 

[0040] There were prepared para-aramid f toer chops formed of poly-p-phenylene-3,4*<liphenylether-terephthalamide 
fibers commercially available as the tradename of TECHNOLA from TEUIN CO.. LTD.. Japan and poly-piahenylene- 
terephthalamide fibers commercially availat^le as the tradename of KEVLAR from Du Pont, both of which have a fiber 
10 diameter of 1.5 denier and a fber length of 3 mm. The blend ratio by weight of TECHNOLA/KEVLAR was 10/90. 

[0041] There was used a binder of a thermosetting resin bind©- of a water-soluble epoxy resin having a glass transfer 
temperature of 1 10 **C and meta-aramid fiber chops not drawn having a fiber diameter of 3 denier, a fiber length of 6 
mm and a softening temperature of 280 ''C in combination. 

[0042] The para-aramid fiber chops and the meta-aramid fiber chops were dispersed in water and paper-made. After 
75 the thermosetting resin binder was sprayed upon the paper-made product, it was heated and dried to form the non- 
woven fabric. The non-woven fabric was compressed under heat by passing between a pair of thermal rolls having a 
linear pressure of 200 kgf/cm and a temperature of 333 ''C. 

[0043] The thus produced aramtd fiber non-woven fabric had a unit weight of 72 g/m^ and a component of the para- 
aramid fiber chops of 77 weight %, the meta-aramid fiber chops of 1 5 weight % and the thermosetting resin binder of 8 
20 weight %. The meta-aramid fiber chops were thermally adhered to the para-aramid fiber chops. 

2. Production of the prepregs 

[0044] The prepergs were produced by impregnating the aforementioned aramid fiber non-woven fabric base material 
25 with brominated bisphenol A-type epoxy resin varnish and drying them. The thus produced prepreg had a resin content 
off 52 weight %. 

3. Production of the laminate 

30 [0045] The four prepregs produced as aforementioned were superposed one upon another and upper and lower cop- 
per foils having a thickness of 18 ixm mounted thereon. They were formed under a temperature of 170 *C heat and 
under pressure of 40 kgf/cm^ to obtain the copper foil clad laminate. 

(EXAMPLE 2) 

35 

[0046] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper clad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLJVR in the para-araimid 
fiber chops was 30/70. 

40 (EXAMPLE 3) 

[0047] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates In the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 50/50. 

45 

(EXAMPLE 4) 

[0048] There were produced the aramid fit>er non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
so fiber chops was 70/30. 

(EXAMPmS) 

[0049] There were produced the aramid fiber non-woven fabrics, the prepregs and tfie copper dad laminates in the 
55 same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 90/10. 
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(EXAMPLE S) 

[0050] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 50/50 and that the f ibrids of meta-aramid film {the meta-aramid f brids) of 15 weight % was used instead 
of the meta-aramid fiber chops of 15 weight %. The aramid fiber now-woven fabrics were formed by the para-aramid 
fiber chops having the meta-aramid fibrids thermally adhered thereto. 

(EXAMPLE 7) 

[0051] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 50/50 and that the meta-aramid fiber pulps of 15 weight % were used instead of the meta-aramid fiber 
chops of 15 weight %. The aramid fiber now-woven fabrics were formed by the para-aramid fiber chops having the 
meta-aramid fiber pulps thermally adhered thereto. 

(EXAMPLES) 

[0052] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that there were used the para-aramid fit>er chops of 60 weight % having 
the blend ratio by weight of TECHNOLA/KEVLAR of 50/50. the para-aramid fiber pulps of 1 7 weight % as auxiliary fib- 
ers, the meta-aramid fiber pulps of 1 5 weight % as one of binders and the thermo- setting resin binder of 8 weight % as 
another binder. 

(EXAMPLE 9) 

[0053] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that the \Aen6 ratio by weight of TECHNOLA/KEVLAR in the paia-aramid 
fiber chops was 50/50 and that only the thermosetting resin binder was used as the binder. The thus produced aramid 
fiber non-woven fabrics had the blend composition of the para-aramid fiber chops of 92 weight % and the thermosetting 
resin binder of 8 weight %. 

(EX/VMPLE 10) 

[0054] The blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid fiber chops was 50/50: The para-aramid 
fiber chops and the meta-aramid fibrids were dispersed in water and paper-made to form the non-woven fabrics. The 
non-woven fabrics were heated and pressed by passing through a pair of thermal rolls having a pressure of 200 kgf/cm 
and a temperature of 333 ''C set. 

[0055] The thus produced aramid fiber non-woven fabrics had a unit weigtrt of 72 g/m^ and the Wend component of 
the para-aramid fiber chops of 92 weight % and the meta-aramid fibrids of 8 weight %. They were formed by the para- 
aramid fber chops having the meta-aramid fibrids intertwisted therewith and thermally adhered thereta The prepregs 
and the copper clad laminates were produced in the same manner as those of Example 1 . 

(COMPARISON 1) 

[0056] There were produced the aramid fiber non-woven fabrics, the pr^regs and the copper dad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 5/95. 

(COMPARISON 2) 

[0057] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 95/5. 

(PRIOR ART1) 

[0058] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
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same manner as those of Example 1 except that the blend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 100/0. 

(PRIOR ART 2) 

[0059] There were produced the aramid fiber non-woven fabrics, the prepregs and the copper dad laminates in the 
same manner as those of Exan^ple 1 except that the Wend ratio by weight of TECHNOLA/KEVLAR in the para-aramid 
fiber chops was 0/100. 

[0060] In order to confirm that with respect to the non-woven fabrics, the prepregs and the copper dad laminates pro- 
duced by Examples 1 through 10. Comparisons 1 and 2 and Prior Arts 1 and 2. how good hole-making operation of the 
prepregs could be made by the laser process while it had little dispersion in hole diameter and little variation in the hole 
diameter and how good the printed wiring board could be produced from the copper dad laminates while there had little 
dispersion in size variation and little size variation, which was caused by the shrinkage of the copper clad laminate, the 
hole-making operation of the prepregs by the laser process and the size variation of the copper clad laminates were 
appredated as defined hereinjustbeiow. 

[0061] The hole-making operation of the prepregs was made by irradiating a laser light having a pulse width of 0.02 
ms and a pulse period of 2 ms on the prepregs under the condition of an aperture diameter of 0.2 mm so as to make 
holes white they were supported just at th^r peripheries and did not engage anything at their lower surfoces. The diam- 
eter of the thus made holes on the side thereof where the laser light entered was measured by a length measuring 
instrument. 

[0062] After the copper clad laminates having a size of 340 mm x 510 mm were worked by etching so as to have a 
predetermined wiring pattern to form a printed wiring board, holes of 0.9 mm diameter were made in the thus produced 
printed wiring board at their tour corners and a distance a between the adjacent corner holes was measured. Then, 
after the printed wiring boards pass through a solder reflow apparatus having a maximum temperature of 230 **C, a dis- 
tance b between the adjacent corner holes was measured. The variation in the size was determined by (b - a)/a . 
[0063] Tables I through III show the diameter of the holes in the prepregs measured by the length measuring instru- 
ment and the size variation of the printed wiring boards, both of whidi were an average value of five sanies in the 
Examples, the Comparison and the Prior Arts, respectively. 



TABLE I 



EXAMPLES 


Diameter of Holes (^m) 


Size Variation (%) 


1 


146 


-0.007 


2 


165 


-0.020 


3 


178 


-0.028 


4 


186 


-0.040 


5 


192 


-0.067 


6 


173 


-0.038 


7 


175 


-0.041 


8 


177 


-0.055 


9 


174 


-0.049 


10 


176 


-0.035 



TABLE II 



COMPARISON 


Diameter of Holes (|im) 


Size Variation (%) 


1 


141 


-0.004 


2 


194 


-0.090 
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TABLE ill 



PRIOR ART 


Diameter of Holes (>im) 


Size Variation (%) 


1 


198 


-0.100 


2 


139 


-0.001 
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[0064] Fig. 1 also shows the hole diameter measured by the length measuring instrument and the size variation of 
the printed wiring boards, both of which were an average value of five samples together with their dispersion or distri- 
bution. In Fig. 1 . white plots indicate the size variation (%) of the printed wiring tx>ards while black plots indicate the 
diameter (^m) of the holes formed by the laser process in the prepregs. Bars vertically intersecting the white plots and 

IS the black plots show the width of the dispersions in the hole diameter and the size variation. 

[0065] It will be noted from Fig. 1 that with the blend ratio by weight of TECHNOLA being 10 or more and with the 
blend ratio by weight of KEVLAR being 90 or less, the dispersion in the hole diameter by the laser process gets smaller 
as showvn by the shorter t)ars intersecting the black plots in Fig. 1 . It wilt he also noted from Fig. 1 that with the t)lend 
ratio by weight of TECHNOLA being 90 or less and with the Wend ratio by weight of KEVLAR being 10 or more, the dis- 

20 pension in the size variation of the printed wiring txDard due to heat gets smaller as shown by the shorter t)ars intersect- 
ing the white plots in Fig. 1 . 

[0066] Furthernx>re. it will be noted from Fig. 1 that with the Wend ratio of TECHNOLA being 30 or more and with the 
Wend ratio of KEVLAR being 70 or less, the dispersion in the hole diameter by the laser process gets much smaller 
while the dispersion in the hole diameter is closer to the set aperture diameter of 0.2 mm. It will be also noted from Fig. 
25 1 that with the blend ratio of TECHNOLA being 70 or less and with the Wend ratio of KEVLAR being 30 or more, the 
dispersion of the size variation of the printed wiring board due to heat gets much smaller and that the size variation itself 
gets smaller. 

[0067] In Examples 6 through 10 in which the meta-aramid f brids or meta-aramtd fibers were used as the binder or 
the para-aramid fibers were used as the auxiliary fibers, it will be noted from Table I that the foregoing is true, which 
30 makes sure that the hole-making operation of the prepregs by the laser process was more improved and that the size 
variation of the printed wiring boards was more effectively printed. 

[0068] It is confirmed that the hole making operation of the printed wiring board by the laser process could be more 
improved. 

[0069] Thus, it will be understood that since the non-woven fabric of the invention comprises a principal component 
35 of para-aramid fiber chops with a Wend ratio by weight % of poly-p-phenylene-diphenylether-terephthalamide fibers rel- 
ative to poly-p-phenylene-terephthalamide fibers ranging from 10/90 to 90/10, the prepregs. the laminates and the 
printed wiring boards which include such non-woven fabrics as t>ase materials can advantageously have smaller dis- 
persion of the hole diameter by the laser process and also smaller dispersion of the size variation thereof as well as 
smaller size variation thereof. 

40 [0070] Furthermore, it will be understood that witfi the blend ratio by weight of poly-p-phenylene-diphenylether-tereph- 
thalamide fibers relative to poly-p-phenylene-terephthalamide fibers ranging from 30/70 to 70/30. the dispersion of the 
hole diameter by the laser process gets much smaller and the hole diameter is closer to the set aperture diameter. In 
addition thereto, the dispersion off the size variation of the laminates arvj the printed wiring boards due to heat gets 
much smaller and that the size variation itself gets smaller. 

45 [0071 ] Although some embodiments of the invention have been described together with many Examples, some Com- 
parisons and some Prior Arts, it will be understood by tiiose skilled in the art that they are by way of examples, and that 
various changes and nrKxJif ications might be made without departing from the spirit and scope of the invention, which 
is intended to be defined only to tiie appended claims. 

so Claims 

1 . An electrically insulating non-woven fabric comprising para-aramid fiber chops bonded with each other by a Wnder. 
said non-woven fabric characterized by said para-aramid fitter chops including chops of poly-p-phenylene-diphe- 
nylether-terephrthalamide fibers and poly-p-phenylene-terephthalamide fibers with a Wend ratio by weigtit of said 

55 poly-p-phenylene-diphenylether-terephthalamide fibers relative to said poly-p-phenytene-terephthalamide fibers 
ranging from 10/90 to 90/10. 

2. An electrically insulating non-woven fabric as set forth in daim 1 and wherein said Wend ratio by weight of said pWy- 
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p-phenyiene<liphenylether-terephthalaiTude fibers relative to said polyi>phenylene-terephthalamtdefit>ers ranges 
from 30/70 to 70/30. 

3. An electrically insulating non-woven fabric as set forth in claim 1 or 2 and wherein said binder is a thermosetting 
resin binder adhered to their intersections of said fibers each other. 

4. An electrically insulating non-woven fabric as set forth in claim i or 2 and wherein said t)inder Is a thermoplastic 
resin having a softening temperature of 220 ""C or higher and bonded to said para-aramid fiber chops by at least 
one of thermal adhesion and intertwinement 

5. An electrically insulating non-woven fabric as set forth in claim 1 or 2 and wherein said binder is both of a thermo- 
setting resin binder adhered to intersections of said fibers each other and a thermoplastic resin having a softening 
temperature of 220 or higher and bonded to said para-aramid fiber chops by at least one of thenfual adhesion 
and intertwinement. 

6. An electrically insulating non-woven fabric as set forth in claim 4 or 5 and wherein said thermoplastic resin having 
the softening temperature of 220 ""C or higher is at least one selected from a group of fiber chops, f ibrids and pulps. 

7. An electrically insulating non-woven feibric as set forth in either of claims 1 to 6 and further comprising para-aramid 
fiber pulps as auxiliary f bers. 

8. A prepreg comprising sheet-like laminate base material impregnated and dried with a thermosetting resin, said 
sheet-like laminate base material comprising an electrically insulating non-woven fabric comprising para-aramid 
fiber chops tx)nded with each other by a binder, said non-woven fabric characterized by said para-aramid fiber 
chops including chops of poly-p-phenylene-dlphenylether-terephthalamide fibers and poly-p-phenylene-terephtha- 
lamide f toers with a Wend ratio by weight of said poly-p-phenylene-diphenylether-terephttialamide fibers relative to 
said poly-p-phenylene-terephthalamide fibers ranging from 10/90 to 90/10. 

9. A prepreg as set forth in claim 8 and wheren said blend ratio by weight of said poly-p-phenylene-diphenylether- 
terephthalamide fibers relative to said pdy-p-phenylene-terephthalamide ftoers ranging from 30/70 to 70/30. 

10. A prepreg as set forth in claim 8 or 9 and wherein said binder is a thermosetting resin binder adhered to intersec- 
tions of said fibers each other. 

11. A prepreg as set forth in claim 8 or 9 and wherein said tender is a thermoplastic resin having a softening tempera- 
ture of 220 or higher and bonded to said para- aramid fiber chops by at least one of thermal adhesion and inter- 
twinement 

12. A prepreg as set forth in claim 8 or 9 and wherein said binder is both of a thermosetting resin binder adhered to 
intersections of said fbers each otfier and a tiiermoplastic resin having a softening temperature of 220 or higher 
and bonded to said para-aramid fiber chops by at least one of thermal adhesion arxi intertwinement. 

13. A prepreg as set forth in claim 1 1 or 12 and wherein said thermoplastic resin having the softening temperature of 
220 ""C or higher is at least one selected from a group of fiber chops, f ibrids and pulps. 

14. A prepreg as set forth in either of claims 8 to 13 and further oonrprising para-aramid fiber pulps as auxiliary fbers. 

15. A laminate comprising sheet-like laminate t^ase material impregnated and dried with a thermosetting resin and 
formed by being heated and pressed, said sheet-like laminate base material comprising an electrically insulating 
non-woven fabric comprising para-aramid fiber chops bonded with each ottier by a binder, said non-woven fabric 
characterized by said para-aramkl f ber chops having a combination of poly-p-phenylene<l9>henylether-terephtha- 
lamide fibers and poly-p-phenylene-terephthalamide fibers with a blend ratio by weight of said poly-p-phenylene- 
diphenylether-terephttialamide fibers relative to said poly-p-phenylene-terephthalamide fibers ranging from 10/90 
to 90/10. 

16. A laminate as set fortti in claim 15 and wherein said blend ratio by weight of said poly-p-phenylene-diphenylether- 
terephthalamide ftoers relative to said poly-p-phenylene-terephthalamide fibers ranging from 30/70 to 70/30. 
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17. A laminate as set forth in claim 15 or16 and wherein said binder is a thermosetting resin binder adhered to inter- 
sections of said fibers each other. 

18. A laminate as set forth in claim 15 or 16 and wherein said binder is a thermoplastic resin having a softening tem- 
perature of 220 ^'C or higher and bonded to said para-aramid fiber chops by at least one of thermal adhesion and 
intertwinement. 

19. A laminate as set forth in claim 15 or 16 and wherein said binder is both of a thermosetting resin binder adhered to 
intersections off said fibers each other and a thermoplastic resin having a softening temperature of 220 **C or higher 
and bonded to said para-aramid fiber chops by at least one of thermal adhesion and intertwinement. 

20. A laminate as set forth in claim 18 or 19 and wherein said thermoplastic resin having the softening temperature of 
220 **C or higher is at least one selected from a group of fiber chops, f ibrids and pulps. 

21 . A laminate as set forth in either of claims 1 5 to 20 and further comprising para-aramid fiber pulps as auxiliary fibers. 
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